Immunoglobulin (Ig) G4-related sclerosing disease is a relatively new disease entity. Any organ system can be affected. Therefore, there is a wide range of possible clinical manifestations. Diagnosis is often difficult and relies on a combination of radiological features, laboratory data, and histology findings. IgG4-related sclerosing diseases are frequently found to be associated with autoimmune pancreatitis. There are several established diagnostic criteria that are used to diagnose autoimmune pancreatitis. In our centre, we use the Asian Diagnostic Criteria for Autoimmune Pancreatitis in 2008. A total of 10 cases with proven IgG4-related systemic disease from 2008 to 2012 were reviewed. This pictorial essay aimed to share our imaging findings among patients with proven IgG4-related sclerosing disease.
INTRODUCTION
Immunoglobulin (Ig) G4-related sclerosing disease (IRSD) is a systemic fibroinflammatory condition. It predominantly affects middle-aged and elderly males. Tissue fibrosis, obliterative phlebitis, and organ infiltration by IgG4-positive plasma cells and T-lymphocytes are characteristics of this disease. Serum IgG4 elevation is frequently observed. Any organ system can be affected.
1 As this disease often shows good response to steroid therapy, 2 awareness and prompt diagnosis help to avoid unnecessary investigations and invasive treatments.
PANCREATIC INVOLVEMENT
IRSDs are frequently found to be associated with autoimmune pancreatitis (AIP).
1 AIP is characterised by irregular narrowing of the main pancreatic duct and enlargement of the pancreas, elevation of serum γ globulin or IgG concentration, dense lymphoplasmacytic infiltration with fibrosis and obliterative phlebitis of the pancreas, and a favourable response to steroid therapy. 3 Patients most commonly present with painless obstructive jaundice. 2 The pattern of involvement of AIP may be diffuse, focal, or multifocal. Diffuse disease is the most common, causing diffuse pancreatic enlargement. Focal disease is less common, and its appearance may mimic tumours because of focal masslike lesions which often involve the head of pancreas. Pancreatic ductal dilation in AIP is typically milder than in pancreatic carcinoma. 4 AIP may also be associated with extrapancreatic lesions such as sclerosing cholangitis, retroperitoneal fibrosis, and sialadenitis.
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The diagnosis of AIP is based on the Asian Diagnostic Criteria for Autoimmune Pancreatitis. Imaging, laboratory, and histopathological features are included as diagnostic factors in these criteria ( Table  6 ). The Research Committee of Intractable Pancreatic Diseases supported by the Ministry of Health, Labour and Welfare of Japan, and the Korean Society of Pancreatobiliary Diseases worked together to establish these criteria which were published in 2008. 6 In resected pancreas with AIP, histopathological features include numerous IgG4-positive plasma cells, fibrosis with lymphoplasmacytic infiltration, periductal inflammation, and obliterative phlebitis.
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These histological changes likely explain the imaging findings in AIP including featureless pancreatic border, effacement of the lobulation of the pancreas, and diffuse decrease in pancreatic enhancement. Sometimes, a hypoattenuating rim can be observed (Figure 1 ). AIP can, however, also exhibit focal enlargement or a lowattenuating mass (Figure 2 ).
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The differentiation of AIP from pancreatic carcinoma can be difficult. The double duct sign is a common finding in both conditions (Figure 3 ). Abrupt cutoff of the dilated pancreatic duct and vascular encasement should favour the diagnosis of carcinoma. 7, 8 Diffuse parenchymal swelling, rather than a focal mass, is suggestive of AIP. 9 It is important to look for associated extrapancreatic findings such as retroperitoneal fibrosis and renal involvement, 10, 11 which favour the diagnosis of AIP. Advanced imaging with positron emission tomography / computed tomography (CT) may help to differentiate carcinoma from AIP. According to Ozaki et al, 12 pancreatic lesions in AIP are much more commonly associated with heterogeneous fluorine-18 fluorodeoxyglucose (FDG) accumulation and multiple localisation; whereas pancreatic carcinoma is more commonly seen with homogeneous accumulation and solitary localisation. In their case series, FDG uptake was noted in the lacrimal glands, salivary glands, biliary ducts, and retroperitoneal space only in AIP patients but 
BILIARY AND GALLBLADDER INVOLVEMENT
The biliary tree is probably the most commonly affected system by IRSD after the pancreas. IgG4-related sclerosing cholangitis is frequently associated with AIP. Bile duct wall enhancement is frequently seen on imaging. Ohara et al 14 described the classification of cholangiogram in sclerosing cholangitis with AIP as follows: type 1 -stenosis present only in the distal common bile duct; type 2 -stenosis diffusely distributed in the intrahepatic and extrahepatic bile ducts; type 3 -stenosis localised to both the hilar hepatic area and the distal common bile duct; type 4 -strictures evident only in the hilar area. The radiological findings in IgG4-related sclerosing cholangitis can be very similar to those in primary sclerosing cholangitis (PSC). Clinical correlation is important for diagnosis, as PSC tends to occur in younger patients aged around 30 to 40 years, 4 while IgG4-related cholangitis has a more acute presentation, a shorter duration of symptoms, 4 and there is often association with inflammatory bowel disease and poor response to steroid therapy, 1 while 
(a) (b) (c)
IgG4-related cholangitis tends to occur in middleaged patients, frequently associated with AIP and other sclerosing disease such as sialadenitis, 1 and shows good response to steroids. Ohara et al 14 also described the comparison of cholangiographic findings of PSC and sclerosing cholangitis with AIP. In their series, band-like stricture, beaded appearance, pruned-tree appearance, and diverticulum-like outpouchings were only found in PSC; long and segmental strictures with prestenotic dilatation were significantly more common in sclerosing cholangitis with AIP. Stricture of the distal common bile duct was observed in both conditions, but significantly more frequent among patients with sclerosing cholangitis with AIP ( Figure 4 ). 14 Extrabiliary disease with involvement of the pancreas or kidneys is highly suggestive of IgG4-related sclerosing cholangitis. 4 When the gallbladder is involved in IgG4 disease, diffuse wall thickening is the main imaging finding (Figure 4 ).
RETROPERITONEAL FIBROSIS AND AORTITIS
The aetiology of retroperitoneal fibrosis is unknown in the majority of cases. Retroperitoneal fibrosis can also be a part of the disease manifestation of IRSD, where the retroperitoneal mass shows dense infiltration of IgG4-positive plasma cells and obliterative phlebitis. Kamisawa and Okamoto 1 reported that retroperitoneal fibrosis was present in 8% of their patients with AIP. Imaging findings show a retroperitoneal mass encasing the abdominal aorta ( Figure 5 ) and the ureters. In our experience, the fibrotic reaction may also involve the superior mesenteric artery (Figures 6 and 7) . Possible complications would include aortic aneurysm (Figure 7) , ureteric obstruction, and renal failure.
IRSD can involve the ascending aorta as well as the descending aorta. Involvement of the ascending aorta with complication of dissection has been reported by Stone et al. 15 Other associated findings of IRSD such as lymphadenopathy and pancreatic ductal dilation may offer clues to the diagnosis. In the case report by Stone et al, 15 however, no significant pancreatic abnormality was associated with the condition.
SALIVARY AND LACRIMAL GLAND INVOLVEMENT
S a l i v a r y g l a n d s w e l l i n g d u e t o I R S D c a n b e differentiated from Sjögren's syndrome (SS) by the presence of abundant IgG4-positive plasma cell infiltrates and the absence of anti SS-A and SS-B antibodies. 1, 16 Mikulicz's disease (MD) refers to bilateral symmetrical swelling of the lacrimal and salivary glands. It has been previously included as a subtype of SS, but there is clinical and histopathological evidence to suggest that MD is a separate entity from SS. MD is characterised by prominent lacrimal and salivary gland infiltration by IgG4-positive plasma cells, responsiveness to steroid therapy, elevated serum IgG4 level, and lack of significant autoimmune reactions. 17 Imaging findings include diffuse bilateral enlargement of lacrimal and salivary glands, sometimes also associated with cervical lymphadenopathy (Figure 8 ). Yamamoto et al 17 reported that some of their MD patients had associated retroperitoneal fibrosis and tubulointerstitial nephritis.
RENAL INVOLVEMENT
Tubulointerstitial nephritis has been reported in IRSD. Patients may present with hypertension and proteinuria, and laboratory investigations may show elevated levels of serum creatinine. IgG4-positive plasma cell infiltrates are also found in the renal tissue. Of note, renal impairment has been shown to be a treatable disease showing favourable response to steroid therapy.
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The renal parenchymal lesions are usually multiple and bilateral, showing decreased enhancement on CT compared with normal renal parenchyma ( Figure 9 ). The renal parenchyma, renal sinus, or renal pelvic wall may be involved (Figure 10 ).
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OTHER ORGAN INVOLVEMENT
Lymphadenopathy related to IRSD has been observed in the neck, thorax, and abdomen ( Figure 11 ). Kamisawa and Okamoto 1 reported that 24% of their AIP patients also had salivary gland swelling and lymphadenopathy; reduction in lymph node size may be observed after steroid treatment.
Interstitial pneumonia is not commonly observed in IRSD. Hirano et al 19 reported that four out of their 30 patients with AIP had pulmonary involvement. Inoue et al 20 categorised IgG4-related lung disease into four types, namely, solid nodular, round-shaped ground glass opacity, alveolar interstitial and bronchovascular, based on the predominant CT findings (Figures 12 and 13) . 
CONCLUSION
IRSD is a systemic disease that can affect multiple organs. The imaging findings of the pancreas with IRSD may sometimes lead to the suspicion of pancreatic carcinoma, which leads to unnecessary surgery. Diagnosis of this condition requires correlation with laboratory and histological findings. Multisystem involvement is an important observation, but findings such as lymphadenopathy may be non-specific. Recognition of this disease entity and differentiation from malignancy is important as treatment with steroid in IRSD is associated with excellent response.
